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SiC high voltage diodes have important applications as freewheeling diodes in motor drives
and power transmission systems. A stable avalanche, which is very important for diode
reliability, cannot be taken for granted in SiC due to high concentrations of macroscopic
defects. The influence of screw dislocations (SDs) on avalanche breakdownin 4H-SiC was
examinedby Neudeck[1] whofound a typical breakdownvoltage reduction by 30 %in low
voltage diodes (VbF90 V) with SDs, but a high and similar avalanche energy to fail for
diodes with and without SDs. This paper addresses the breakdowncharacteristics of high
voltage 4H-SiC diodes with an area large enough that screw dislocations are most likely
present. An important effect at high voltages, in addition to a high powerdissipation, is that
the space charge of free carriers can produce a negative resistance [2]. This effect becomes
most pronounced for high voltage diodes since it occurs as the free carrier concentration in
the drift region becomesroughly equal to the doping concentration L2]. Device simulations of
reverse I-V characteristics were performed using the commercial software AVANT!Medici
with physical models according to [3]. The high voltage diodes, which were experimentally
investigated, are p+nn+diodes with an implanted p+ emitter and a similar design as described
in [4]. Theexpected breakdownvoltage is 3000-4000V. Thecritical field strength (E,rit) was
reduced by 20 %(to obtain -30 %Vb, reduction) in simulations to modelbreakdownin a SD,
since each of the investigated I mm2area diodes should contain several SDs. Fig, I showsa
ID simulation of the reverse I-V characteristics in breakdowntogether with 2Dcylindrical
coordinate simulations (to be described). The onset of negative resistance in the ID
simulation occurs at a current density of 6000 A/cm2, as the average carrier concentration
differs only 2%from the n-base doping in good agreement with [2]. To include current
spreading in the n-base, 2D cylindrical coordinate simulations were performed with E,nt
reduced by 20 %only inside a cylindrical region of varying radius (R) with base areas at
anode and cathode. Fig. I displays simulated normalized current density (J..), i e the
current divided by the area of the region with reduced E*rit. The reason for the muchhigher
J.. at the onset of negative resistance in the 2D simulations comparedto ID is current
spreading which reduces the free canier space charge in the n-base. As the onset of negative
resistance is reached, however, a high current density filament is formed through the
cylindrical region with a reduced Ecrit. This current filamentation is assumed to be
destructive. The isothermal conditions simulation conditions are valid only during very short
times for the highest current densities in Fig. l. The results indicate, however, that an
unstable avalanche can occur at lower current densities in a macroscopic defect with a larger
area, such as for instance a micropipe, for which a lower value of Ecrit should be used in
simulation.

Five diodes, of similar design as in ref. [4], with I mm2area and an expected breakdown
voltage of 3000-4000Vwere tested with reverse bias pulses of 4us pulse-width. Three of the
diodes which had static breakdownvoltages of 2000, 3400and 2700Vfailed destructively in
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pulsed measurementsat the voltages 3200, 3670 and 3700 V, all within 2us after reverse
biasing after amaximumavalanche current of 5mA.All three diodes had a visible damageat

the junction edgealong the surface and this edgebreakdownpresumably damagedthe diodes

before a significant avalanche was reached in a SDas can be expected above 4000 V (see

Fig, l). The remaining two diodes (DI and D2) had a low static breakdownvoltage of about

700 V but could be pulsed into breakdownat high currents. Fig. 2shows the quasi-static

reverse I-V characteristics of D1andD2as obtained during 4us pulses. Also shownin Fig. 2
are simulations with a 70 (~o reduction of E,rit in a cylindrical region with R=15um, in one
case through the whole epilayer and in the other only in the pn junction region. Theresults in

Fig. 2suggest that the diodes Dl and D2have a reduced critical field strength mainly in the

pn junction region. The high resistance of the diode in simulations is caused by the space
charge limited current and is hence quite sensitive to the radius of the region with reduced
E,rit. Thediodes Dl andD2also survived a fast turn-off from I A forward current to 1500V
reverse bias with a visible avalanche current. A negative temperature coefficient of the

breakdownvoltage was seen for Dl and D2as an increasing current during longer pulses.

Additional measurementsare planned for diodes with even higher breakdownvoltages.
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The characteristics of planar pn junction are a key issue which controls the perfor-

manceof various power devices such as pin diodes and DIMOSFETS.In SiC processing
technology, high-dose A1+ implantation has been a major obstacle, because of its high
sheet resistance of 10 k~/[] [1]. Regarding the pn junction characteristics, a positive

temperature coefiicient of breakdownvoltage is one of the most crucial requirements for

reliable power devices. ManySiC diodes generally show, to our knowledge, negative
temperature coefiicients except one report [2]

.
In this study, the authors realized a low

sheet resistance below 4k~/[] by hot implantation of Al. Aclear positive temperature
coefiicient of breakdownvoltage is also demonstrated.

N-type 4H-SiC (OOO1)epilayers with a donor concentration of 4xl015 cm~3grown in

the authors' group were used in this study. Multiple implantation of A1+ (10-180 keV)

wascarried out to obtain a 0.25 kam-deepbox profile of Al. Theimplantation temperature

wasRTor 500 'C. Post-implantation annealing wasperformed at 1600-1700 'C for 30

min in Ar ambience.
Figure I shows the measuredsheet resistance of Al+_implanted regions as a function

of total implant dose. The sheet resistances and electrical activation of Al+_implanted
regions were signiflcantly improved by hot implantation and by increasing annealing
temperature up to 1700 'C. A Iow sheet resistance of 3.6 k~/[1 was obtained by im-
plantation at 500 'C followed by annealing at 1700 'C, whenthe total implant dose was
4x 1015 cm~2.

Pn junction diodes with planar structure were fabricated by employing B+ or Al+
implantation at room temperature. The junction depth was 0.4 or 0.7 pamwith an
implanted impurity concentration of 2x 1018 cm~3. The implantation was carried out
for 20 kam-thick n-type 4H-SiC epilayers (Nd = 3.5xl015 cm~3). To reduce the contact
resistance on the implanted regions, surface p+_regions were formed by Al+ implantation
at 400 'C. The diodes were annealed at 1700 'C for 30 min. The surface of diodes was
passivated with Si02 formed by wet oxidation.

Figure 2 demonstrates the current density vs voltage characteristics of deep B+_
implanted diodes with a diameter of 100 ~mmeasuredat RT. Thespeciflc on-resistances

determined at 100 Alcm2 Ievel were 6.3-9.1 m~cm2.These on-resistances include the

substrate resistance of 4.1 m~cm, so that, the contact resistances onto the shallow Al+_

implanted p+_region estimated to be less than 2.2 (6.3 - 4.1) m~cm2. These results

indicate that good ohmic contacts were formed by shallow Al+ implantation at 400 'C.

Thediodes exhibited stable and reversible breakdown, in particular, deep B+_implanted
diodes did not extend to destructive breakdowneven at a high reverse current density

of 3.0 Alcm and a reverse voltage of 2600 V. This 2600V is 80 %of the ideal (parallel
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plane) breakdownvoltage (about 3200 V) in this device structure. This unusually high

breakdownvoltage might originate from the formation of a thick i-layer due to the in-

diffusion of B [3] and/or from the extension of space charge regions caused by effective

negative charges at the Si02/n-SiC interface [4]
.

Regarding switching, the diodes showed
fast switching with a turn-off time of 10 ns.

Figure 3 shows the reverse blocking characteristics of (a) Al+_ and (b) deep B+_
implanted diode, measuredat RT, 335 K, and 373 K. At RT, the A1+_ and deep B+_
implanted diodes could block 1020and2900V, respectively, which were approximately 32

and 90 O/o of the ideal breakdownvoltage. Thebreakdownvoltage of each diode increased

with increasing temperature. This positive temperature coeflicient of reverse breakdown
voltage meansavalanche breakdown, not other mechanismsuch as defect-assisted tun-

neling.

[1] J. W. Palmour et al., Diamondand Related Materials, 6, 1400 (1997).
[2] H. Mitlehner et al., Proc. 1998 Int. Symp. on PowerSemicond. Devices e~ ICs (Kyoto, 1998), p.127.
[3] G. Pensl et, al., Phys. Conf. Ser., 142, 275 (1996).
[4] H. Yanoet al., IEEETrans. Electron Device, 46, 504 (1999).
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Recent long term reliability tests of SiC p-n diodes revealed increase of forward voltage

drop occurring over a period of hours or days under forward biasl. The electrical

characterization results were interpreted as a consequenceof recombination-enhanced

stacking faults formation based on x-ray topography and luminescence characterization

results2. This report describes the structure of bias-induced defects studied by

conventional and high resolution transmission electron microscopy and discusses the

formation mechanism.

High voltage 4Hand 6H-SiC p+-n- junctions were stressed at current density of IOO
A/cm~2. Cross-sectional samples have been prepared and analyzed using Philips 420

microscope operating at 120 kV and JEOL400EXmicroscope operating at 400 kV.

Stressed diodes contained typically between 0.2x I04 and 2xl04 cm~1 faults distributed

betweenthe metal/semiconductor and epilayer/substrate interfaces. Thecross sections of

"virgin" device structures were defect free. Thestacking sequencesof multiple faults in

both 4H- and 6H-SiC polytypes have been analyzed using high resolution microscopy.

The structure of all defects was consistent with isolated Shockley-type faults (Fig. I).

Suchfaults in silicon carbide crystals were reported to form during plastic deformation at

10w temperatures3. The analysis of stacking sequences and of partial dislocations

bounding the faults indicates that the driving for formation of defects is shear stress

present in the diode structure. Thestress is macroscopic in origin.
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(a) (b)

Fig. I High resolution TEMimages ofrecombination-induced stacking faults in (a) 4H-

SiC and (b) 6H-SiChigh voltage diode.
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Silicon Carbide power devices designed for blocking high voltages are knownto require
comparatively thick low-doped drift zones. Those regions are most often provided by
epitaxial layers due to the comparatively high concentration of impurities still present
in available bulk 4H silicon carbide material. The growth rate of conventional chemical

vapour deposition (CVD)however is limited to a few micrometers per hour whenthe re-
quirements for residual doping and surface morphologyare as high as for base material in

power device applications [1]. High-temperature chemical vapour deposition (HTCVD)
in vertical chimney reactors has recently been developed and wasshownto produce high
quality epitaxial layers with low background doping and smooth surface morphology at

growth rates of up to 100 /hm/h [2]
.

So far only limited results exist for the application
of these epitaxial layers in electronic devices [3]

.
In this study high-voltage diodes of

different types have been processed on two samples of HTCVDepitaxial layers.

The epitaxial layers were grown on a commercial 4H-SiC wafer (Cree, n-type 7.8 -

1018cm~3) at Link6ping University, Swedenand have a nominal epilayer thickness and
net n-type doping of 60 p;m, ~2•

1014cm~3(sample A) and 65 kam, ~9•
1015cm~3(sam-

ple B) measuredby photoluminescence and Schottky barrier capacitance-voltage (CV)
technique after growth. SampleAhas an additional highly dopedbuffer layer grownun-
derneath the low-doped epilayer to prevent electrical punch-through into the substrate.

Both Schottky and Al implanted pn diodes as well as mergedpn/Schottky diodes (MPS
diodes, [4]) were manufactured in a standard process developed at our institute [5]

. A
titanium-tungsten alloy was used both for the ohmic contact to the p-type implanted
regions and the large area backside contact, as well as contact metal for the Schottky
barriers. The diodes were equipped with different termination schemesto reduce edge
effects under reverse bias operation [6]

.
Field rings were implanted simultaneously with

the anode structures of both pn and MPSdiodes through a wet etched beveled silicon

dioxide mask. Field plates were formed in the contact metallization layer on top of a
2ktm thick silicon dioxide layer deposited in a CVDprocess using TEOSas precursor.

Forward operation of both pn and MPSdiodes showdistinct areas of negative resistance
attributed to plasma injection into the low-doped drift zone. The forward voltage drop
of a limited numberof diodes was increasing whenoperated under a continuous current
density above 100Acm~2for a couple of hours (see Fig. 1). Similar degradation was
observed by Lendenmannet. al. [7] on pn diodes madeof conventional CVDmaterial.

The reverse leakage currGnt was found to dependon the presence of up to 2•
104cm~2

surface defects of the half-moon type [2] (see Fig. 2) on the active area of the samples.
Somepn diodes free of, or only containing a few surface defects and with working termi-
nation schemeshave electrical breakdownabove 3500Vwhile others containing surface
defects showsoft breakdownalready at as low as 800V (see Fig. 3).
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Recent research on switch devices has been focused mainly on field effect devices (e.g.

MOSFET.MESFET,and JFET). In contrast to this, only a few publications have been
presented on SiC bipolar junction transistors (BJT) 11, 2]. Oneof the main reasons for this is

the short minority carrier lifetime in p-type layers, which is detrimental to the current gain.

However, as the material quality improves and epi layer growth develops, SiC bipolar
transistors can be very competitive. As a switch element the bipolar transistor has the

advantages of carrier modulation and better current capabilities comparedto most FETs. In

Thyristors and IGBTS, the main current flow has a pn-barrier to cross, resulting in an initial

forward voltage-drop almost equal to the built-in voltage (-3 V for 4H-SiC). In comparison,
the BJT switch device has junction cancellation between the emitter and collector, which
results in a lower initial voltage drop over the switch [3]• In the study reported here a 4H-SiC
BJTwas fabricated using an etched mesastructure from an epi layer stack. The doping and
epi layer thicknesses were designed for high voltage operation (-1 .5 kV parallel breakdown),

see schematic device structure in Fig. l. Measurementsof the fabricated transistors were
performed with a HP4156and a probe station equipped with a hot chuck, allowing

measurementsup to temperatures of 300 'C.

Themeasuredtransistors showeda strong self-heating effect whenthe powerdissipation was
increased, which led to a lowered current gain. This temperature dependencewasinvestigated

with relatively small self-heating conditions (VCE= 20 V), and the current gain decreased
from 10 at 25 'C to 6 at 300 'C. By assuming that the current gain only depends on
temperature, the junction temperature can be extracted from three VcE-diagrams at three

different temperatures on the heat sink at the backside contact [4]• This extraction technique

was used on the fabricated transistors at heat sink temperatures of, 25 'C, 50 'C, 75 'C, see
Fig. 2. Theextracted junction temperature at lc = 60 mAwas 120 'C, which is approximately
lOO 'C above the heat sink temperature. In addition, the total thermal resistance to the heat

sink wasestimated to 27 K/Wat 25 'C. The measureddevice in Fig. 2had an emitter area of

1.5•10~4 cm2(i.e. 50 mAcorresponds to 333 A/cm2).

Furthermore, therrnal device simulations have been performed in order to investigate the

origin of the current gain reduction, and also to confirm the thermal dependence in the

included device simulation models. Themeasureddata presented in Fig. 2has amuchsteeper
drop in current gain (P), in comparison with a temperature dependentsimulation with models
taken from [5] and [6]. In this work various simulation geometries and models have been
investigated to explain the thermal behavior (e.g. 3D-simulation, surface recombination,
Auger recombination, and temperature dependent life-times). Themodelparameters are taken
from literature, and a discussion on minor adjustments of these values is undertaken.
Furthermore, pulsed measurementsare compared with transient simulations in order to

investigate the self-heating transients, which have been shownto be very fast in SiC.
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SiC has long been recognized as the choice for high voltage, high temperature, high power
applications. Significant progress has been madein SiC bipolar junction transistors, most of
which on epi-emitter BJTS [1-4]. The implanted-emitter BJTSoffer ease of controlling base
width by varying the emitter implants. Wereported the first implanted-emitter BJT in 4H-SiC
[5]. The device showeda record-high commonemitter current gain of 40, and forward drop of
IV at 50A/cm2. Theopen-basebreakdownvoltage wasless than 60Vdue to base punchthrough.
In this work, high voltage, implanted-emitter, npn BJTSWere fabricated. Different emitter
implantation species and annealing cycles were used to study the effect of emitter implant. The
devices showedmaximumblocking voltage of 500Vand commonemitter current gain of 8.

Thedevice cross-section is shownin Fig. I .

The starting wafers were (OOO1), Si face, P+/PfNr/N
substrate wafers. The top P+ epi layer ensures good P-base contact and also avoids high
temperature anneal of P+ implant. The emitter was formed by implanting into P-base region at

600'C using five successive implants. Four samples were fabricated with different implantation

species and annealing cycles, but all with the samedose of 3>
1015cm~2.The implantation splits

and the measuredsheet resistances are shownin table I .

Previous study has shownthat low sheet

resistance can be obtained for phosphorusand arsenic whenannealed at 1200'C [6,7].

The distribution of the commonemitter current gain of the four samples and their medians are
shown in Fig. 2. At room temperature, maximumcommonemitter current gain of 8 was
measuredon 300 umx300umdevices of sample Cwith phosphorus implantation and 1600~C
anneal. Fig. 3showsthe effect of emitter periphery on current gain for sample C, it is seen that

current gain increases proportionally with the increase of emitter periphery. At high temperature,
specific on-resistance increases as shownin Fig. 4, making this device attractive for paralleling

and for preventing thermal run-aways. The reason is that base carrier concentration increases at

high temperature due to increased ionization of deep level acceptors. As a result, Pdecreases
with temperature, Ieading to the increase of specific on-resistance at high temperatures. This
feature wasalso observed in the previous samples [5].

The distribution of the open-base breakdownvoltages of the four samples are shownin fig. 5.

TheAs sample does not have a high blocking voltage, The majority of the other samples show
BVCEOranging from 100V to 500V, the highest blocking is 550V. The increase of the

breakdownvoltage and the decrease of the current gain are both due to the increased basewidth.
Fig. 6showsthe open-base turn-offtransient of sampleAand sample C. During open-base turn-
off, the device is turned off mainly by recombination. Theturn-offtime is - Ius.
Acknowledgement:The authors gratefullv acknowledgethe support from MURJof the Office of Naval
Research(# NOOO14-95- 1-1302) andNSFCenter for PowerElectronic Systems(# EEC-9731677).

References:
[l] W.von Munchet al. Solid-state electronics, vol. 21, no. 2, pp. 479-80, 1978.
[2] Y. Wanget al, Silicon Carbide and Related Materials Conf, pp. 809-8 12, Kyoto, 1995.
[3] S-H. Ryuet al, IEEEElectron Device Letters, vol. 22, no. 3, pp. 124-6, 2001.
[4] Y. Luo et al, Electronics Letters, vol. 36, no, 17, pp, 1496-1497, 2000.
[5] Y. Tanget al, IEEEElectron Devrce Letters, vol. 22, no. 3, pp, I19-20, 2001.
[6] V. Khenkaet al. Journal ofElectronic Materials, Vol. 28, No. 3, pp. 167-174, 1999.
[7] J. Senzaki et al, Silicon Carbide and Related Materials Conf, vol. 338-342, pp. 865-868, 1999

- 19-



TABLEI Emifter implantaWonsplits and measured
sheet resistance

Sample Emitter
implant
species

Annealing
temperature

'C)

Annealing
time
(min)

Sheet
resistance

~/s )
A Nitro en 1600 15 3ooO

B Arsenic 1200 30 3400

C Phos horus 1600 15 230

D Phos horus 1200 30 1200

Base

Emifter
p+

N+
P-base

(-2x 1017cm~3), Ium
N- drift

(-4x IOl scm~3)

N+substrate

(>1 019cm~3)

,:
.~

o
~:
1,~

so

10

8

6

4

2

o

Collector
Fig.1 Schematic cross-section of implanted-emitter

4H-SiC BJTstudied in this work
10

8

~'
~~'

2

o

E~
E_

~G)

~O
~~~~

A B c D
Nitra9" A~oi' Ph.sph*~* Ph~h'
16~c 12~c 16ooFc 12oo'c

samples

Fig.2 Distribution and medianof maximumcommon
emitter current gain at VcE=1OV

o 200 400 1ooo600 800
Ernitt~ pefiph*y [Hrn]

Fig.3 Effect of emitter periphery on
current gain of sampleC

1200

,60

140

120

IOO

80

60

40

20

O

IF

,

,

,

~~

~>co

lp

600

5CO

400

300

200

IOO

O ~
A DCB

Ntrogeo PhosphoaJsPhosphonJsN5enic
1eoo'C 12OO'C1600*C12OO'C1eoo'C 12OOoc 1600*c 12OOac

s•mples

Fig.5 Distribution and medianof open-base
breakdownvoltage

so Ioo Ieo 200 250 300
Ternperature t~c]

Fig.4 Temperature effect on specific on-resistance
of sampleC

eo

50

E 40
o~_

~~_SO
a'
c~20
d,-

8 10

O

-10

lc

IB

~'

t
~
l

sampleA(N Ieoo'C)

* *: * :~ sarrTpie C(P '1eoo'C)

tsA~0.1ps xse~0JHs
TFA--0.8Hs TFc=0.7Hs

o 0.5
Time (Hs)

Fig.6 Open-baseturn-off transient of

sampleAandCat roomtemperature

5

- 20-



Technical Digest of'Int'l Conf on SiC andRelated Materials -ICSCRM200],Tsukuba, Japan, 2001 MoA3-7

A11-SiC Half-Bridge Inverter Characterization of

4H-SiCPowerBJTSUpTo400V-22A

Y. Luol, L. Fursinl
,

J. H. Zhaol, P. Alexandrov2, andB. Wright2
1SiCLAB,ECEDepartment, Rutgers University, 94 Brett Road, Piscataway, NJ08854,Tel:

(732) 445-5240; Fax: (732)445-2820; Email: 'zhao@ece.rut ers.edu
2United Silicon Carbide, Inc., NewBrunswick TechnologyCenter, Building D, NJ, USA

SiC BJT has the advantage of being free of gate oxide, which makes it suitable for

applications under high temperatures (over 150 -200 C). It is also a better candidate for many
high temperature applications whencomparedto the latch-on SiC GTOs.6H-SiC BJTScapable
of blocking 50Vwere first fabricated and measuredup to 0.8mAwith a current gain of 4-8 in

1978 [1]. The first 4H-SiCpowerBJTwas reported in 2000with a capability of 800V-2.7Aand
a current gain of 9 [2]. High gain and high voltage 4H-SiC BJTSwere subsequently reported
[3,4], showing increased interests in 4H-SiC power BJTs. In this paper, we report BJTS
fabricated in 4H-SiC with emitter current measuredup to 16A (3 12A/cm2) with a maximum
cornmonemitter current gain of 7. Blocking voltage BVCEOmeasuredup to 600Vis achieved,
with somedevices blocking morethan 900V.

The4H-SiC wafer used for the BJTfabrication is purchased from Cree Inc. Fig. I showsa
section of the cross sectional view of the BJT structure. The BJTShave six 96umx 990um
emitter fingers surrounded by seven base fingers. The base~mitter s?acing is 6um. The total

collector area, including the three MJTEregions, is I .57xl.66 mm.
The BJT p-base is ion

implanted with Al and Cco-implantation to 6xl020cm~3 to reduce base contact resistance. To
improve device blocking capability, the base-collector junction is terminated by multi-step
junction termination extension (MJTE), as shownin Fig.1. After MJTEetching, sacrificial oxide
and about 40nmof passivation oxide is grown thermally followed by I umLPCVDSi02. Then
oxide windowis opened. Al/Ti/TiN multiple-layer base contact metal is sputtered and patterned
by lift-off. Emitter contact metal (Ni) is then sputtered after opening the emitter oxide window.
Following Ni sputtering onto the backside of the samples, all the contacts are annealed in

nitrogen forming gas (5%H2 in N2) at 10500Cfor 5min. The multi-cell BJTSare packaged in

nitrogen ambient at 390'C andAuribbon bonding is conducted at 180'C.

Emitter (A1/Ni)
1 8

's 'b==A
14
1 2 . Ib = I *5 A

:Ql:~:.~:Tn "~~
*o

:$::~:;:~:.i~!u!;m ~ Ib = I A
_!~~~~~~~~~

~=27'c
=_1_b_~-o__5_A

D 2 " 6 8 400 500200
v'* (v "*~)

Collector (Ni/Ti/Au)
Fig. I Cross-sectional view of BJTstructure Fig.2 Ic-Vce characteristics of 4H-SiCnpn BJT

Fig.2 showsthe commonemitter IE VS. VCEcharacteristics at room temperature for a packaged
BJT with 9 cells in parallel. The BJTshowsa commonemitter current gain lc/Ib of 7with a

n=x c
0.7 m Base 75u 75u 75u

p= 3x1017cm~3

p 6x l020cm~3
0.8um

dTd~~hl
'O:'04~hl

n 6xl015cm~3, 12 um
n 4H-SiC
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forward blocking voltage (BVcEo) measuredup to around 600V. The DCemitter current is

measuredup to 16Aat a base current of 2A, corresponding to an emitter current density of 312
A/cm2. Poor sidewall passivation and surface recombination contribute to the first 2V drop
without current gain. Lowcarrier diffusion length in base region and low conduction modulation
in the drift region maypartly contribute to the large voltage drop at high current (IE=15.5 Awith
VCE= 5.8 V). The large emitter size is designed for high quality 4H-SiC with long minority
carrier lifetimes. With the base minority carrier lifetime still quite low (sub-microsecond),

current crowding and low carrier diffusion length reduce area efficiency of the emitter. Devices
with smaller cell pitch sizes are being processed and the result will be reported.

The packaged 4H-SiC BJTShave been tested in an all-SiC inductively loaded half-bridge

inverter by using 4H-SiCMPSdiodes as the free-wheeling diodes. Theinductive load used in the

switching measurementsis chosen to be as high as I mHto simulate a high powerACinduction

motor. Fig.3 shows400V-22Aswitching waveforms of SiC BJT with a base driving current
around 3A. Theeffect of SiC MPSdiodes on the SiC BJTswitch turn-on loss is shownin Fig.4.

It is seen that, whencomparedto the ultrafast commercial Si PiN free-wheel diodes, 4H-SiC
MPSdiodes result in reduced SiC BJTswitching loss. Further measurementsare underway to

compareall-SiC half-bridge inverter BJT turn-on and turn-off losses with Si-IGBT based half-

bridge inverters. Theresults will be reported.
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Fig. 3Half-bridge inverter switching waveformsfor the Fig.4 Turn-on power loss of4H-SiC BJTin a half-bridge

inverter using either Si PiN or SiC MPSfree-wheeling diodes.4H-SiCBJT.
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